Abstract: Over half of China's total energy consumption is attributed to rural buildings. However, unlike the research into urban areas, few studies have explored the problems of building energy efficiency (BEE) in rural China. This study aims to establish an appropriate strategic plan for promoting rural BEE (RBEE) in China by conducting a strength-weakness-opportunity-threat (SWOT) analysis. Analysis data are obtained from multiple sources, including a comprehensive literature review, governmental reports, related regulations, and semi-structured interviews with a number of critical stakeholders. A matrix of the SWOT analysis is derived to reveal the drivers and barriers in the course of implementing RBEE. Five critical strategies are proposed. We also attempt to explore the internal and external conditions of RBEE in China, which can contribute to the customization and prioritization of policy recommendations for the Chinese government.
Introduction
The improvements in rural residents' earnings and living conditions have remarkably increased the building energy consumption in rural China, which accounts for approximately 40% of the total energy consumption of the country [1] . Most rural buildings are characterized by poor thermal insulation performance, which can barely meet the basic living standards of rural residents. Since the Chinese government launched the so-called "New Countryside Initiative" in 2005, local governments have been focusing on the construction of rural infrastructure and new housing types to realize the targets of economic prosperity and built environment improvement. In this context, improving rural building energy efficiency (RBEE) has emerged as a crucial issue. The Chinese government has gradually recognized the importance of RBEE, which is considered a major opportunity for improving national building energy efficiency (BEE) [2] . In March 2017, the Ministry of Housing and Urban-Rural Development (MOHURD) launched the "13th Five-Year Plan for Building Energy Saving and Green Building Development". The objective is for the energy consumption of rural buildings to make a breakthrough in economically developed areas and for key development areas to adopt over 10% energy-saving measures [3] .
Unlike urban BEE, RBEE is still in the initial stage of development. Furthermore, urban BEE has witnessed significant progress in the last two decades. The practices related to BEE are mostly concentrated on the large-scale public, commercial, and urban residential buildings, with rural buildings receiving relatively little attention [4] . Moreover, rural buildings have not been included in the scope of mandatory criteria for BEE. Consequently, a significant gap in BEE exists between urban and rural regions.
Accelerating the promotion of RBEE has a potential strategic impact on reducing energy consumption and improving the living conditions of rural residents in the long run. The government plays an important role in implementing RBEE in the initial stage due to the externality and asymmetric information in the BEE market [5] . Therefore, strategic planning and the implementation of actions are urgently needed. Although the government has introduced ambitious energy efficiency targets in rural regions, the formulation of an applicable strategic plan remains unclear. The present study can contribute to the government's further understanding of the current situation and help in identifying the main problems and implementing effective measures [6] . Earlier studies have been conducted on RBEE, with the focus being the overview of the developments in RBEE [2, 7] , the assessment of RBEE [8] , the critical factors to improve RBEE [9] , and energy-saving optimization for the performance parameters of rural building shapes [4] . Research on the overview of the strengths, weaknesses, opportunities, and threats in RBEE is lacking. Thus, we aim to systematically express the status quo of RBEE and conduct a strength-weakness-opportunity-threat (SWOT) analysis of RBEE on the basis of a literature review, governmental reports, and semi-structured interviews. The established SWOT analysis strategic matrix on RBEE will enable the formulation of a strategic plan for government authorities.
RBEE in China

Characteristics of Rural Residential Buildings
Rural buildings are dramatically different from urban ones. Most rural buildings are traditional one-story or two-story stand-alone buildings with courtyards built on collective land for farmers [10] , whereas urban buildings are commonly high-rise apartments [2] . For the longest time, farmers have constructed rural buildings by relying on their experiences, not on building construction codes. Therefore, the quality of the design and construction of rural buildings is lower than that of their urban counterparts. Research on building energy-saving technologies is mostly conducted for urban buildings. Energy conservation goals and mandatory standards also mainly target urban buildings.
Unlike urban housing, which has undergone rapid privatization, rural housing in China exhibits unique characteristics [11] . For example, in land ownership, rural residential lands are owned by village collectives, and an individual rural household can freely apply for one piece of residential land [10] . Therefore, current policies further entitle rural households with decision-making power in housing construction. Rural residents are wholly responsible for financing, constructing, managing, and maintaining their homes. Nevertheless, these houses cannot be traded in the market, and transfer is legally limited within villagers in the same household registration. All these characteristics imply that strategic planning for urban BEE cannot be replicated for RBEE.
Field investigation of real cases was conducted to clearly indicate the huge difference between urban and rural buildings. Two typical buildings in urban and rural Shandong, an eastern province of China, are illustrated in Figure 1 . This traditional rural building was built in the countryside of Qufu, known as the hometown of Confucius, while high-rise housing was constructed in Jinan, the capital city of Shandong province. There are significant differences in terms of layout, building design style, cost, construction process, and, ultimately, levels of comfort and building energy efficiency. 
Current Situation of RBEE
With the development of rural regions in China, the energy consumption of rural buildings has gradually increased and accounted for a large proportion of the total. RBEE is not only a crucial issue of the New Socialist Countryside (NSC) and New Urbanization Initiative (NUI), but also an important field in energy efficiency and greenhouse gases that must not be overlooked. For instance, Wang, et al. [12] expressed that improving the living environment is an important indicator of the NSC. In March 2014, the "National New-Type Urbanization Plan (2014-2020)" was jointly launched by the Central Committee of the Communist Party of China and the State Council [13] to realize the sustainable development of rural energy. A series of studies have been conducted on energy consumption and greenhouse gas emissions at the global scale [14, 15] , which can significantly influence the development of the world economy; at the national scale [16] , including China; at the urban scale [17] [18] [19] , including Beijing and Macao; and at the building scale [20, 21] with embodied energy consumption involved. However, rural regions have largely been neglected.
The data on energy consumption in rural buildings have been steadily expanding in recent years, as can be seen in a report on the development of Chinese building energy conservation in 2016 issued by the Science and Technology Development Promotion Center of the MOHURD. This report indicated that building energy consumption had increased from approximately 127 trillion ton coal equivalent to 161 trillion ton coal equivalent in the period of 2009-2013 [22] (Figure 2 ). The average annual growth reached 5.47%. In 2013, the energy consumption of rural buildings in China increased to approximately 20.3% of the total. An increase in residents' income can be expected to boost the amount of energy consumption.
Problems have also gradually emerged in rural buildings. Most rural buildings in China lack energy-saving measures due to the limited knowledge about energy-saving technologies and experiences. For example, in northern China, a majority of rural buildings feature few insulation measures, poor air tightness for the doors and windows, and inefficient heating devices. The rate of energy utilization in rural buildings is only approximately one-third of that in urban buildings because of the poor thermal performance of the rural building envelope. A significant amount of heat is lost, and thermal comfort is inferior. Villages have no unified planning. Buildings also lack reasonable orientation. For instance, the adverse east-west orientation of buildings is undesirable for acquiring substantial amounts of sunlight and ventilation, thermal insulation in winter, and ventilation in summer, and it leads to considerable energy loss. The Statistics of Survey from the Tsinghua University and MOHURD in 2011 stated that the problems in RBEE include the absence of specialized planning, design, and construction, as well as necessary inspections and supervision of materials and the construction process, all of which lead to severe waste in land, materials, funds, and energy. Therefore, BEE should be promoted urgently in rural regions. 
Research Methodology
A SWOT analysis approach is used to study the strategic planning of enterprises or industries. This approach was initially adopted in business and marketing disciplines, and it has gradually been applied to various fields. For example, Ke, et al. [23] conducted a SWOT analysis for domestic private enterprises dealing with the development of infrastructure projects in China and concluded that the methodology is a useful tool for assessing continuous changes. SWOT analysis has been employed in renewable energy management [24] [25] [26] , construction waste management [6] , off-site construction [27] , and building energy conservation [28] . Thus, SWOT analysis is a good approach for strategic planning research.
In the present study, SWOT analysis was employed to identify the factors that affect the promotion of RBEE. Weaknesses and threats could be overcome by following the principles of maximizing strengths and taking advantage of opportunities. A framework of the SWOT analysis (Figure 3 ) was proposed on the basis of the work in Reference [27] . In step 1, a generic framework was formulated to identify the RBEE factors. On the basis of the research of Shen, et al. [29] , we classified the factors as those that affect RBEE's strengths and weaknesses (SW), including management ability, technological ability, financial ability, organization, and operations; and those that affect RBEE's opportunities and threats (OT), including social and political environments, economic environment, market opportunities, and competition mechanism.
In step 2, a list of strengths, weakness, opportunities, and threats of RBEE was derived from the literature review, governmental reports, and semi-structured interviews. The questions for the semi-structured interviews were modified and finalized after a brainstorming discussion among the researchers. The main research questions designed for the semi-structured interviews are presented in Table 1 . Ten interviewees from Shandong Province, which comprised two officials in the government sector, two village leaders, two rural residents, one university researcher, one designer, one project manager, and one green building material supplier, were selected. All of the participants were stakeholders in RBEE with a relatively in-depth understanding of energy consumption in rural regions.
Semi-structured interviews were carried out in February 2017, and each interview session lasted for 30-40 min. Table 2 shows the profile of the interviewees. The answers to the questions were abstracted to establish a list of SWOT analysis factors. On the basis of the literature review and governmental reports, the SWOT factors related to RBEE were initially identified. In step 3, six experts were invited to evaluate the reliability of the SWOT factors. In the evaluation, unsuitable factors, such as the number of migrants to cities, were removed, and important factors, such as low income of rural residents, were added. The final list of SWOT factors was finally attained after the evaluation. On the basis of the aforementioned analysis, we adopted a research method for integrating stakeholder analysis into the SWOT analysis. In step 4, five concrete strategic action plans were proposed for the government to promote RBEE.
SWOT Analysis of RBEE in Rural China
The SWOT analysis begins with "O + T" and ends with "S + W". The matrix of the SWOT analysis is established according to the literature review, governmental reports, and semi-structured interviews, as shown in Table 3 , which sets forth the identified SWOT factors, types, and sources of origin [27] . The opportunities, threats, strengths, and weaknesses are discussed in detail to deepen the understanding of the current situation of RBEE in China. 
Opportunities
O1-Top-to-Bottom Policy Support
In the contexts of environmental degradation and energy crisis, "ecological civilization construction", especially in rural regions, is noted as a crucial topic in the report of the 19th National Congress of Communist Party in China. The BEE in rural regions has received considerable attention from governmental reports. Governmental reports related to RBEE are shown in Table 4 . RBEE is expected to attain significant top-to-bottom policy support in the future. 
O2-New Socialist Initiatives in the Countryside
Influenced by the long-term dual systems in China, the developments in urban and rural regions are unbalanced, and most rural residents remain relatively poor. In this context, new socialist initiatives in the countryside were introduced as part of the national strategic plan in the 1950s. However, such initiatives had not essentially played a significant role until the proposal of the Central Committee of the Chinese Communist Party on the 11th Five-Year Plan for National Economic and Social Development was issued.
In 2017, the central government proposed a national strategy called "Rural Revitalization", which aimed to construct an eco-friendly, livable, luxurious, and flourishing industrial countryside. The government is expected to attach high importance to the "problems of agricultural and rural areas" in the new era of socialism. The living environment will be markedly improved with the new socialist initiatives in the countryside. Driven by the construction of new socialist initiatives in the countryside at the national level, great opportunities for RBEE can be expected.
O3-Appeals for Enhancing RBEE
The "13th Five-Year Plan for National Economic and Social Development (2016-2020)" in China requires reducing the energy consumption per unit of gross domestic product (GDP) by 15% and the CO 2 emission per unit of GDP by 18%. Reducing the energy consumption in the construction industry is crucial to realize the macro goal. Furthermore, addressing the high energy consumption and low energy efficiency of rural buildings is an urgent appeal. With the development of urbanization and agricultural modernization, a growing number of rural residents are likely to pursue a high-quality living environment. Echoed by the semi-structure interviews in the current work, enhancing RBEE is the best choice to realize the target of "beautiful countryside construction" at the national level.
Threats
T1-Lack of Policies and Standards
The legal environment is the major factor that affects the implementation of BEE [38] . Although the local government implemented the Energy Conservation Law in 2008, specific details related to buildings are lacking. Moreover, the existing standard system for BEE design remains imperfect. Most of the standards focus on urban buildings. Only one national standard exists for rural regions, that is, "The design standard for energy efficiency of rural residential buildings", which was launched in 2012 [8] . Several actions have been implemented in relation to RBEE, and they include "Promoting Renewable Energy in Rural Areas", "Dangerous Residential Reconstruction based on Energy-Saving Retrofitting", and "New Types of Green Construction Materials for the Countryside" [9] . Nevertheless, all these actions cover relatively limited rural regions. Most provinces and regions have yet to officially carry out energy efficiency actions [39] . The lack of policies and standards hinders the development of RBEE.
T2-Unreasonable Energy Structure
The energy structure in rural China is more unreasonable than that in the urban areas [40] . In rural households, traditional biomass is the dominant fuel, accounting for over 75% of the rural building energy use in 2005 [2] . With growing earnings of rural residents, they gradually switch from traditional biomass to commercial energy, especially coal. The energy structure in rural buildings remains dominated by coal and electricity. The proportions of electricity and coal are 41% and 44%, respectively, as depicted in Figure 4 . Coal is used for terminal consumption in rural buildings, but it results in low energy efficiency and severe environmental pollution. Therefore, the unreasonable energy structure is a significant threat to the sustainable development of RBEE. The findings of a survey by the Building Energy Efficiency Research Center of Tsinghua University (BEERCTU) in 2006-2007 revealed that the energy consumption in rural regions accounts for 37% of the total [41] . Nonrenewable energy, such as coal and electricity, and renewable energy, such as firewood and straw, contribute to 60% and 40% of the total, respectively. Ninety million tons of standard coal are consumed annually for heating in northern rural areas [42] . Coal is the main fuel in the energy structure, and it puts great pressure on sustainable development and environmental protection. The unreasonable energy structure is thus an obvious threat to RBEE.
T3-Lack of Supervision Mechanism
The current rural market is chaotic. For example, scientific design standards and related supervisory systems are lacking, and rural residents randomly build their own housing. Without any supervision mechanism, rural residents do not voluntarily purchase new energy-efficient building materials [31] . Construction craftsmen, most of which have no professional training in construction and BEE technologies, are hired temporarily. Thus, rural buildings barely have energy-efficient measures. Although the amount of energy consumption for rural heating is 1.5-2 times that for urban heating, the survey of BEERCTU revealed that the indoor temperature in rural areas is significantly lower than that in urban areas [43] . The "Guidance on Improving the Living Environment in Rural Regions" issued by the General Office of the State Council of the People's Republic of China in 2014 required the strengthening of the quality and safety supervision of buildings and the improvement of the energy efficiency rate. Thus, the lack of supervision mechanisms is a major obstacle to the development of RBEE.
Strengths
S1-Significant Energy Efficiency Potential
Energy-saving measures are rarely adopted in housing development due to the absence of energy-saving technologies. Consequently, rural buildings present significant energy efficiency potential. For example, external walls are too thin, and they are mainly made of solid clay brick. This type of building material is inefficient for thermal insulation and energy conservation, which requires a large volume of clay, and results in damages to the ecological environment. Moreover, no insulation measures are adopted for external walls and roof. If the temperature rises by 14 degrees, the amount of energy consumption will increase by 1 degree [31] . All of these characteristics result in a considerable heating loss, high energy consumption, and an uncomfortable living environment. According to calculations, only 32% of heating energy is effectively used [1] . Li, Shan, Yang and Yang [34] concluded that when 30% and 50% of rural buildings were involved in energy-efficient retrofitting, the amounts of carbon dioxide emission decreased to 1.14 and 1.9 billion tons, which made up 2.2% and 3.8% of the total in 2008, respectively. Hence, if reasonable green technologies or measures are largely adopted in rural buildings, significant energy efficiency potential will be acquired.
S2-Abundant Renewable Energy Resources
As a result of the depletion of fossil energy resources and the increase of environmental pollution, the utilization of renewable energy has attracted considerable attention from around the world. Rural China is rich in renewable energy resources, including solar, geothermal, wind, and biomass energy. All of them are clean, pollution-free, and widely distributed [8] . Annually, the utilization of renewable energy resources in China is approximately 3 billion and 600 million tons standard coal, and in 2009, the total energy consumption reached 3 billion and 100 million tons [44] . Abundant renewable energy resources are available in China. For example, two-thirds of the country's territories can receive more than 2200 sunshine hours every year [45] , and the same is especially true in vast rural areas. They are also naturally endowed with plenty of biomass resources, which serve as a rich source for biogas utilization. Biogas can be used for cooking and lighting for people's daily activities, and thus can greatly decrease indoor air pollution and reduce greenhouse gas emissions caused by the direct combustion of firewood and coal. In sum, abundant renewable energy resources represent a significant strength that favors the promotion of RBEE.
S3-Requirements for Improving Living Comfort
Wu, Liu and Qin [31] conducted a survey in northern China and found that the increase in rural residents' income also gradually enhances the demand for quality of life. Rural residents thus pursue high levels of comfort in terms of heating, cooking, etc. This condition is in accordance with our findings from the semi-structured interviews.
Approximately 95% of the rural residents surveyed hold strong demands for heating in winter [39] . An indoor temperature below 12 • C is difficult to bear. In addition, several rural residents have shifted their cooking mode from traditional firewood and straw, which is characterized by low energy efficiency and poor indoor environment, to convenient commercial energy resources. Rural residents also pursue large housing [2] , with the average housing space increasing from 22.5 m 2 in 2001 to 28.2 m 2 in 2008 [31] , thus implying a greater demand for energy consumption. In sum, the requirement for improving living comfort can enhance rural residents' willingness to consider RBEE.
Weaknesses
W1-Poor Energy Efficiency Awareness
Most rural buildings are built by rural residents themselves. Hence, the application of energy-saving technologies is limited. The resulting poor performance of thermal insulation then leads to uncontrollable energy losses. With the concepts of abundant resources and inexhaustible energy, rural residents seldom pay attention to the issue of energy efficiency. They primarily focus on the appearance and large size of living spaces for their homes. For example, when they accumulate funds to build their homes, they are inclined to focus on aesthetic qualities and neglect energy efficiency [36] . Owing to the social norms termed as the "bandwagon effect" in rural regions, other rural residents will behave in the same way. This behavior greatly restricts the popularization of energy efficiency in rural China. Obviously, poor energy efficiency awareness is an obstacle for RBEE.
W2-Inadequate Knowledge and Information
Rural buildings in China are generally built without the aid of professional design and construction practitioners. Most rural residents neglect the problems of energy efficiency because of their lack of relevant knowledge and information. Unlike urban residents, rural residents mostly have low education levels. Moreover, rural residents are unfamiliar with the benefits of BEE, leading to the difficult promotion of RBEE. Limited channels are available to receive information about BEE, with the main channels being TV broadcasts. From this top-to-bottom communication approach, a long period is required for rural residents to receive timely information about the government's technological support and economic subsidies. Inadequate knowledge and information is an obvious weakness that remarkably hinders the promotion of RBEE.
W3-Low Income of Rural Residents
Most rural residents in China are engaged in small-scale natural agriculture, which equates to a relatively low income. In the context of rapid urbanization, an increasing number of rural residents are moving to cities, with 16.4% of them aiming to work as construction workers and 21.1% of them securing positions in the service industry [46] . Although their income has gradually increased, rural residents significantly differ from urban residents. The income difference between rural and urban residents from 2012 to 2016 based on 2017 statistical data is shown in Figure 5 . The increasing gap can be recognized starting in 2012. Currently, the income of some rural residents can only meet their basic living needs. Rural residents' own funds are utterly inadequate for BEE [32] . Such low income prevents rural residents from purchasing expensive energy-saving lamps and energy-efficient electric appliances or installing solar energy facilities. Therefore, the low income of rural residents is a weakness in RBEE promotion. 
Strategies for Promoting RBEE
A list of critical strategic plans for RBEE can be formulated according to the SWOT analysis matrix in Table 5 . The principles behind the proposal of these strategies are modified from Yuan [6] and are described as "maximizing strengths and opportunities, transforming weaknesses to strengths, and neutralizing threats". The key strategies are comprehensively examined to underline the strategies and planning. Table 5 . Strategic planning based on the SWOT analysis matrix for RBEE.
Environment Planning External Environment
Opportunities (O)
1. Top-to-bottom policy support; 2. Construction of new socialist initiatives in the countryside; 3. Appeals for enhancing RBEE.
Threats (T)
1. Lack of policies and standards; 2. Unreasonable energy structure; 3. Lack of supervision mechanism.
Internal Environment
Strengths (S)
1. Significant energy efficiency potential; 2. Abundant renewable energy resources; 3. Requirements for improving living comfort.
Weaknesses (W)
1. Poor energy efficiency awareness; 2. Inadequate knowledge and information; 3. Low income of rural residents.
SO strategies
S2: Establishing technology Research and Development (R&D) institutions in local regions; S3: Promoting demonstration projects of RBEE.
WO strategies S4: Carrying out RBEE training; S5: Providing economic subsidies to rural residents.
ST strategies
S1: Formulating a carrot-and-stick policy governance mechanism; S3: Promoting demonstration projects of RBEE.
WT strategies
S1: Formulating a carrot-and-stick policy governance mechanism; S5: Providing economic subsidies to rural residents.
Strategy 1-Formulating a Carrot-and-Stick Policy Governance Mechanism
A guidance policy plays a critical role in promoting RBEE. In the work of Wu and Yin [9] , a questionnaire survey was distributed to experts in 17 BEE institutions, and policies were noted to have a more important role than technologies. According to different degrees of strictness of policies issued by the government, the three BEE policy instruments are voluntary scheme instrument, economic incentive instrument, and mandatory administration [47] . Only one standard code, the "Design Standard of BEE in Rural Regions", exists, but it is not mandatory. Stakeholders hardly comply with construction codes due to the lack of capital support and technical guidance in implemented standards. Thus, an appropriate governance mechanism should be established.
The "carrot-and-stick" strategies are among the best choices. A countryside-oriented policy governance mechanism is required to guarantee the implementation of technological and financing strategies. Mandatory administration and economic incentive instruments are equally critical. On the one hand, the government should establish a penalty system that forbids rural residents from using solid clay bricks. On the other hand, the government should formulate an economic incentive system that encompasses preferential policies in terms of governmental subsidies. This system should be interest-free to encourage rural residents to adopt inexpensive and practical green technologies or renewable energy sources.
Strategy 2-Establishing Technology R&D Institutions in Local Regions
Research on building energy-saving technologies has mainly focused on cities, and the energy conservation goals and mandatory standards issued by the government are mostly targeted at urban buildings. The construction specifications for rural buildings is remarkably different from those for urban ones due to different lifestyles and economic conditions. A reasonable technology is an effective channel to solve the problems in energy efficiency. Therefore, technology research, development, and promotion are vital. Materials and construction techniques in rural regions are remarkably distinct. Local governments should encourage local universities or institutions to establish R&D centers. The centers can be combined with enterprises and universities to establish a platform of "production, learning, and research" to work out low-cost and energy-efficient technological solutions, which suit local climate conditions and geographic characteristics. Developing and utilizing renewable energy resources in rural regions are also beneficial actions. In terms of climate and regional characteristics, thermal insulation technology and "Kang" can be promoted in the northern countryside, which can utilize solar energy for heating. In the southern countryside, eco-villages can be constructed through the development of passive housing technology and biogas pools for cooking and heating.
Strategy 3-Promoting Demonstration Projects of RBEE
The central government has launched a series of energy-efficient pilot programs for public and residential buildings in certain urban regions. The resulting experiences can be applied to RBEE. For example, the Beijing government launched the action initiative "Management Method of the Demonstration Project of Utilization of Innovative Wall Material for BEE in the Rural Residents" in 2007. By meeting stipulated conditions, rural residents could be awarded 20 thousand Chinese Yuan to subsidize the incremental cost of innovative wall materials. Although the scope of demonstration projects is limited to some developed rural regions, numerous rural residents will gradually know about the economic benefits and advantages of a healthy living environment through demonstration projects. These demonstration projects can be expanded to other regions. A prefabrication construction approach can be employed in the demonstration projects to speed up the development of high-quality structures and reduce energy consumption and carbon emissions [48] . Therefore, this approach shows great promise when implemented in rural buildings.
Strategy 4-Carrying out RBEE Training
Training is an effective approach to promote RBEE. Training can raise rural residents' awareness of RBEE and improve the energy efficiency skills of construction craftsmen. Conducting effective training is especially difficult for rural residents due to their low level of education and traditional lifestyle. Most of them are unfamiliar with the advantages of energy-efficient technologies. Thus, the training channel and approach should differ from those used in the urban context. Conducting hierarchical top-to-bottom training is practical. The central or local government first focuses on the training of village organizations and their leaders. With complete knowledge about renewable energy technologies, economic benefits, and governmental subsidies, these trained individuals can serve as frontrunners in the promotion of RBEE. Village leaders often have the trust of rural residents because they live and work collectively [2] . They can persuade rural residents to change the way they construct new houses or retrofit existing ones through training meetings or oral presentations among rural residents. Training in the area of rural energy efficiency is a prerequisite for construction craftsmen. Local governments should organize these types of training free of charge for building craftsmen so that they have the opportunity to learn about the latest innovative building materials, master green construction technology, and utilize local renewable energy sources.
Strategy 5-Providing Economic Subsidies
To enhance energy efficiency and reduce energy consumption, the government should supply economic incentives to encourage rural residents to adopt renewable energy instead of commercial energy. The government should provide economic incentives to rural residents. Financial support is an essential aspect of RBEE [8] . The cost of building an efficient rural housing is approximately 5% greater than the cost of building a traditional one [2] . Constructing energy-efficient buildings without any policy intervention is impossible for rural residents due to the externality of BEE. In cooperation with MOF, MOHURD issued a standard for subsidies provided for the use of renewable energy resources in 2009. Under this standard, rural residents can receive 60 Yuan and 15 Yuan per square meter when they apply ground source heat pumps and integrated solar thermal systems, respectively. If individual rural residents use a solar energy bathroom and solar energy housing, 60% of their incremental cost can be compensated for. The subsidy standards can be adjusted according to the costs incurred in the application of rural renewable energy. In addition, a new energy utilization system for rural buildings must be established. The system should implement energy-saving technologies suitable for rural regions, adjust energy structure, and adopt abundant renewable energy resources, such as solar energy, biomass, and biogas, to improve the livelihood quality of rural residents. The central or local government should supply rural residents with economic incentive strategies to support the utilization of renewable energy.
In the initial stage, the government should set up special funds for R&D centers. A specific percentage of grants and allowances should be allocated to boost the budget for R&D that favors green building material production and for standardized module design companies suited for local climate conditions. In addition, the government can provide preferential tax policies, including sales tax and corporate income tax, to renewable energy equipment manufacturers and green building material suppliers. Nevertheless, the policies heavily depend on financial funds. Private firms can be invited to participate in the promotion of RBEE. For instance, public-private partnerships are recommended because they can effectively address limited governmental funds. Employing the approach of energy performance contracting can also lead to a win-win between the government and private investors.
Conclusions
Driven by the national strategy of constructing new socialist initiatives in the countryside, the conduct of research into BEE in rural China is crucial. With the high energy consumption, low energy efficiency, and poor living comfort in rural China, the improvement of RBEE is an area worth exploring. We analyzed the current situation and characteristics of RBEE. On the basis of the literature review, governmental reports, and semi-structured interviews, we performed a SWOT analysis to investigate the opportunities, threats, strengths, and weaknesses of RBEE.
Three opportunities, namely, "top-to-bottom policy support", "construction of new socialist initiatives in the countryside", and "appeal for enhancing RBEE", were identified. The major threats were found to be "lack of policies and standards", "unreasonable energy structure", and "lack of supervising mechanism". The typical strengths for RBEE included "poor energy efficiency consciousness", "abundant renewable energy resources", and "requirements for improving living comfort". The major weaknesses comprised "poor energy efficiency consciousness", "inadequate knowledge and information", and "low-income level of rural residents". Corresponding strategies were proposed on the basis of the analysis. These strategies involve "formulating a carrot-and-stick policy governance mechanism", "establishing technology R&D institutions in local regions", "promoting demonstration projects of RBEE", "carrying out RBEE training", and "providing economic subsidies to rural residents". These findings may expand our understanding of the current situation of RBEE in China and provide a valuable strategic plan for improving RBEE.
The process of BEE in the countryside lags far behind that in cities [32] . With its specific features discussed above, RBEE is remarkably distinct from urban BEE. Replicating experiences in the urban context for the rural setting is unreasonable. Therefore, the proposed strategies can be adopted by policymakers to promote RBEE development in the near future. In the context of new urbanization initiatives, existing residential buildings in rural China should be retrofitted to offer significant opportunities to reduce energy consumption and greenhouse gas emissions [49] . The present research mainly focused on the BEE of newly constructed rural buildings. However, the energy efficiency potentials of existing buildings in a real-world situation should not be ignored. Extant studies can offer valuable references [50] [51] [52] [53] [54] . Therefore, future studies should consider exploring suitable BEE strategies for existing buildings in rural China.
